Others are less critical of sprawl, noting that low-scale development has not emerged as a drag on the U.S. economy (Gordon and Richardson 1997) . In addition, some areas with numerous governments have attempted to retard sprawl (e.g., Oregon and New Jersey). The level of intergovernmental service delivery arrangements that exist today (Thompson 1997 ) also suggests that fragmented governments are neither necessarily wasteful nor unable to cooperate (Parks and Oakerson 1989) .
It is somewhat surprising that little evidence exists indicating whether a "Tiebout-style" framework for urban governance produces sprawl-like conditions. Some accept ending fragmentation as axiomatic to ensure an environmentally responsible future. If governmental fragmentation is unrelated to sprawl-people may simply prefer smaller governing units or they may prefer low-density developments independent of governing structures-then those addressing any perceived negative consequences from sprawl will have to look at policy responses other than reducing the number of governmental units. If fragmentation does indeed lead to sprawl, and if it can be determined that sprawl is indeed negative, changing governance systems may be the right step to change land-use patterns.
There seems to be acceptance of the idea that the existence of numerous local governments encourages sprawl by discouraging uncoordinated planning (Downs 1994; Norris 1998) and encouraging competition over taxable property (Razin 1998) . The acceptance of the association between sprawl and fragmentation of powers was probably made most clear when Downs (1998) defined suburban sprawl as including a fragmentation of land-use powers and large disparities in fiscal capacity between cities. Our study examines whether fragmentation and sprawl are indeed associated in North America and whether arguments for a causal relationship in a particular direction can be supported.
DATA AND METHODOLOGY
A cross-sectional examination assessed the association between fragmentation and sprawl in all metropolitan areas with at least 500,000 inhabitants in North America. Each metropolitan area was ranked on several measures of fragmentation and sprawl, based on data from the U.S. Bureau of the Census and Statistics Canada. An examination of correlation coefficients between these measures preceded a regression analysis of the factors that explained fragmentation and sprawl.
Because most of the largest urban concentrations in the United States are defined by the U.S. Bureau of the Census as two-tiered metropolitan areas (composed of several primary metropolitan statistical areas [PMSAs] that form one consolidated metropolitan statistical area [CMSA]), a choice had to be made to include one or the other unit in multivariate analyses. Neither seemed to be optimal; PMSAs are sometimes narrowly defined and include only central or suburban portions of a metropolitan region. Several PMSAs, such as Nassau-Suffolk and Monmouth-Ocean, are completely suburban. CMSAs are sometimes too broadly defined for an examination of fragmentation and sprawl. The Washington-Baltimore CMSA includes two physically separated metropolitan areas. Moreover, delineation of PMSAs and CMSAs is based on county boundaries; hence it can include large tracts of rural land beyond actual metropolitan boundaries. The Riverside-San Bernardino PMSA in California has the Colorado River as its eastern boundary. In that PMSA, population density measures would be meaningless.
The most appropriate unit for comparing metropolitan population densities in the United States is the urbanized area (U.S. Bureau of the Census 1993a). Thus, an aggregation of PMSAs according to the criterion of maximum similarity to the urbanized area definition was used for fragmentation measures. In some metropolitan areas, this meant using CMSA-level data for the metropolitan area and in others using PMSAs or a combination of PMSAs. For metropolitan areas in New England, data for NECMAs (New England county metropolitan areas) were available; as a result, urbanized areas with more than 500,000 inhabitants (such as Boston and Worcester) were combined to fit most closely the NECMA definition.
The study included five measures of municipal fragmentation: (1) total number of local governments per 10,000 residents (including special-purpose governments), (2) general-purpose governments per 10,000 residents, (3) the existence of multipurpose metropolitan-level government, (4) the proportion of population in the largest city, and (5) the proportion of population in cities with at least 100,000 residents. Measures for U.S. metropolitan areas were based on data from the 1992 census of governments, and measures for the Canadian regions were based on the 1996 census. Data for the total number of local governments per 10,000 residents were not available in Canada. A composite fragmentation measure was calculated based on two measures: general-purpose governments per capita and the proportion of population in cities with more than 100,000 residents. An additional composite measure gave extra weight to metropolitan areas that had a metropolitan tier of local governments.
The fragmentation data reported in selected U.S. census publications have some anomalies. In Indianapolis, for example, the number of general-purpose governments reported by the U.S. Bureau of the Census is greater than the actual number because the creation of a consolidated city left some governmental units with minimal responsibilities. In Canada, several general-purpose governments are small Indian reservations. However, we refrained from any adjustments of census data, as these would have been partial and subjective.
Measures of sprawl are difficult to operationalize. Ewing (1997) downplayed the role of density and viewed poor accessibility and lack of functional open space as indicators of sprawl. That perspective does not define sprawl directly but measures its perceived negative implications. Low-density development driven by market forces may come out quite compact according to these measures. Moreover, it can be argued that density is indeed the first, although not only, criterion of sprawl. Downs (1998) found no significant relationship between most traits of sprawl and measures of urban decline. He thus assumed that the relationship might be inherent in all forms of U.S. suburban growth, not just finely defined suburban sprawl.
Our study used measures of density to measure sprawl: (1) the percentage of dwellings in single-unit detached houses, (2) population per square kilometer, and (3) housing units per square kilometer. Measures of density per square kilometer were calculated in Canada for urbanized cores of Canadian metropolitan areas, which were assumed to correspond most closely to urbanized areas in the United States. However, it should be acknowledged that the definitions are not identical. Also, some municipalities in Canadian metropolitan areas are split into land defined as urbanized core and land defined as urban or rural fringe. In these cases, we used rough estimations of population and land area included in the urbanized core. All three concepts served to define a composite measure of residential sprawl.
Measuring sprawl for nonresidential land uses requires surveys and data beyond the scope of this study. On the basis of available data, we could only calculate an indirect measure: a ratio of the proportion of a region's jobs located in central cities, defined according to criteria used by the U.S. Bureau of the Census, divided by the proportion of a region's population in the central cities. This ratio has two major limitations: (1) It depends on the U.S. Bureau of the Census's definition of central cities, which is not the most appropriate for our objectives, and (2) it depends on the proportion of population residing in central cities. When central cities are large and include a high proportion of a metropolitan area's total population, the ratio cannot be very high.
The regression models on each of the fragmentation and sprawl measures referred to the following control variables:
1. Country: Canada or the United States. Metropolitan areas in Canada are expected to be less fragmented and more compact (Goldberg and Mercer 1986 Our cross-sectional analysis was limited in its ability to detect causality. Levels of municipal fragmentation in particular metropolitan areas change over time, and land-use patterns may reflect municipal structures of the past rather than present ones. Thus, an analysis of measures of change could have been viewed as more appropriate for the study-for example, studying the relationship between fragmentation levels at the beginning of each decade with the change in population densities in the same decade (influenced by population growth and expansion of the urbanized area). However, such an approach also entails problems of data collection and definitions. As a first approach to the issue, a cross-sectional study that detects relationships as they exist at a particular moment seemed more appropriate.
RANKING NORTH AMERICAN METROPOLITAN AREAS BY FRAGMENTATION AND SPRAWL
The least fragmented metropolitan area in North America is Honolulu (see Table 1 ). The complete lack of municipal fragmentation in Honolulu reflects the unique centralization of power in Hawaii. Canadian metropolitan areas are also characterized by low levels of fragmentation and have particularly high proportions of population in cities of more than 100,000 and in the largest city in the region. Small metropolitan areas that lack a strong, dominant central city are most fragmented. Boston, Atlanta, and Washington are three large metropolitan areas with a particularly small proportion of the population in their central city but are less fragmented according to other measures.
The specific traits of local government in different states and provinces also influence fragmentation. It has been noted that Pittsburgh is the most fragmented large metropolitan area in North America. However, our data indicate that fragmentation characterizes all metropolitan areas in Pennsylvania. Metropolitan areas in Ohio, New York, and Michigan also tend to be fragmented, and those in Missouri and Kansas are fragmented mainly in terms of local governments per capita. Low levels of fragmentation characterize Hawaii, California, and the Southwest. The more fragmented metropolitan areas in Canada were in the province of Quebec (Montreal and Quebec), but even those were not as fragmented as the more fragmented U.S. metropolitan areas. Canadian metropolitan areas have low levels of residential sprawl (see Table 2 ). New York-North New Jersey, Miami, and Los Angeles (including Orange County) are the more compact American metropolitan areas. Although many cite Los Angeles as the perfect example of sprawl (Ewing 1997; Leo 1998) , its urbanized area has one of the highest residential densities in the United States as a result of high land prices (Gordon and Richardson 1998) . Large metropolitan areas, characterized by high land prices, are indeed prominent in the list of metropolitan areas with the lowest levels of residential sprawl. Metropolitan areas with the highest levels of residential sprawl were mid-size and smaller ones, mainly in the Midwest, Southeast, and central plains (Table 2) , where land is cheaper than in cities with less sprawl.
Metropolitan areas with the highest concentrations of employment in central cities (data not shown) tended to be small and characterized by a low proportion of population in their central cities. Honolulu and Ottawa-Hull were remarkable in the concentration of employment in their relatively larger central cities. Metropolitan areas with the lowest concentration of employment in their central cities tended to be very large ones (Philadelphia, Chicago, New York, Los Angeles) and those with declining cores such as Detroit. In New York, Los Angeles, and Chicago, residents were more concentrated in central cities than were employment opportunities. Jobs were more concentrated than population in central cities in all Canadian metropolitan areas.
THE CORRELATION BETWEEN FRAGMENTATION AND SPRAWL
The rankings of both fragmentation and sprawl do hint at a possible association. The most striking feature is the position of Canadian metropolitan areas as being both less fragmented and with less sprawl. However, the association depends substantially on the measures used. Among fragmentation measures, the number of general-purpose governments per capita was highly correlated with the total number of local governments per capita (R = 0.81).
The proportion of cities with a population in excess of 100,000 was highly correlated with the proportion of population in the largest city (0.83). Our composite fragmentation measures average two weakly correlated measures: general-purpose governments per capita and the proportion of population residing in large cities.
The Pearson correlation coefficients between the composite fragmentation and residential sprawl measures were significant but not very robust (0.38 and 0.33, the latter one referring to the fragmentation measure that does not take into account general-purpose metropolitan governments). To what extent do these correlations merely reflect the tendency of Canadian metropolitan areas to be less fragmented and more compact than U.S. ones? The correlation coefficients between the composite fragmentation and residential sprawl measures were indeed lower when only the U.S. metropolitan areas were included in the calculations (0.27 between fragmentation, including metropolitan government, and residential sprawl and 0.26 between fragmentation, excluding metropolitan government, and residential sprawl). However, the coefficients were positive and significant at the 0.01 level.
An examination of the position of individual metropolitan areas with regards to the composite fragmentation and residential sprawl measures (see Figure 1 ) reveals that a substantial number of metropolitan areas are characterized by substantial sprawl despite low levels of fragmentation. Such metropolitan areas include Calgary, El Paso, Edmonton, Norfolk, Jacksonville, Albuquerque, Mobile, Oklahoma City, the Dallas/Fort Worth area, and Houston. These metropolitan areas are usually characterized by large supplies of relatively inexpensive land that has allowed sprawl, even when the local government has not been particularly fragmented. The opposite, however, is much less true. There are only a few metropolitan areas that are more fragmented than average and less sprawling than average, and there is no metropolitan area that is remarkably compact despite being fragmented (see Figure 1) . Thus it may be argued that in a municipally fragmented environment, controlling sprawl is unlikely, or perhaps more compact residential development reduces the prospects for extreme fragmentation.
THE FACTORS INFLUENCING FRAGMENTATION AND SPRAWL
Age of the metropolitan area was found to be the most prominent variable predicting fragmentation (see Table 3 ). Older metropolitan areas were more fragmented than younger ones. As expected, the Canada-U.S. distinction was another major explanatory variable: Canadian metropolitan areas were less fragmented. Annexation method was also a major variable: A requirement for majority approval in areas to be annexed caused metropolitan areas to be more fragmented. Large population and high proportion of poor population were associated with lower fragmentation in U.S.-only models. Perhaps fragmentation pressures are associated more with middle-class population; hence a high proportion of lower-income population produces a less fragmented pattern. The major sprawl variable influencing fragmentation was population density. Higher densities were predictors of lower fragmentation, and this influence was significant when taking into account the impact of the other explanatory variables (see Table 3 ). Excluding the Canadian metropolitan areas from the models reduced the explanatory power of population density, but it remained significant at the 0.02 level.
The major variable influencing the composite residential sprawl measure was the Canada-U.S. distinction followed closely by median rent of housing units (a land price measure) and population size. Canadian metropolitan areas, metropolitan areas with high land values, and large metropolitan areas were less sprawling (see Table 3 ). Metropolitan areas that were practically the central parts of broader metropolitan regions were also more compact. Poverty and age were also positively associated with more compact metropolitan areas.
Fragmentation did not have any significant impact on the composite measure of residential sprawl (see Table 3 ) or on any specific measure of sprawl. The number of general-purpose governments per capita, which was the fragmentation variable most closely correlated with residential sprawl, was not significant in the models. Regression models of aggregate variables on a sample of less than 100 might be sensitive to the exact definition of the model. However, no combination of independent variables on any of the dependent residential sprawl variables could produce a significant impact of fragmentation on residential sprawl.
A strong explanatory power of the proportion of population in cities of 100,000 or more residents on the concentration ratio of employment in central cities is largely definitional. Nevertheless, a regression model (not shown) revealed that high employment concentrations in central cities characterized younger metropolitan areas, small metropolitan areas, and Canadian metropolitan areas.
FRAGMENTATION AND SPRAWL ARE LINKED, BUT ONE IS NOT AN INHERENT ATTRIBUTE OF THE OTHER
There is a relatively weak association between fragmented government structures and sprawl. The positive correlation is partly a consequence of the inclusion of Canadian metropolitan areas in the analysis, which are generally less fragmented and less sprawling than U.S. ones. However, the correlation between fragmentation and sprawl remains significant, although weak, when only U.S. metropolitan areas are examined. The regression models illustrate that although the impact of residential sprawl on fragmentation is significant, fragmentation does not predict residential sprawl. Variations in residential sprawl are largely explained by the basic differences between national political/land market/planning systems (the distinction between Canada and the United States) and by land values.
Low levels of fragmentation do not guarantee compact development. In contrast, the combination of high levels of fragmentation and low levels of sprawl is rare. Compact forms of development do not coexist with most fragmented municipal patterns, perhaps because fragmentation precludes the control of sprawl or because compact residential development reduces prospects for fragmentation.
Canadian metropolitan areas were indeed characterized by less municipal fragmentation and less sprawl. Older metropolitan areas were more fragmented but more compact. However, age primarily promotes fragmentation, and its impact on compaction is secondary, probably because all metropolitan areas in North America grew vastly in the age of the automobile.
The above results stress that given the weak association of fragmentation and sprawl, assessments of the pros and cons of sprawl cannot always assume fragmentation as an integral aspect of sprawl or as a major factor responsible for sprawl. Nevertheless, lack of excessive fragmentation seems to be a precondition for compact development in North America, although it is not a sufficient condition. Noting that sprawl does indeed increase fragmentation does not imply that fragmented areas cannot work together to correct outcomes that are seen as negative. However, assessments of sprawl and fragmentation should address these phenomena separately.
